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(54) Encoding of data for transmission over differential lines 

(57) A signal transfer method for transferring a 
multi-bit signal over a transfer path which is allocated to FIG 1 

one bit includes the steps of: respectively assigning a 
plurality of parameters for a plurality of bits so that a / 

value representing "0" or a value representing "1" is set L. 

to each of the plurality of parameters in accordance with 
a value of a corresponding one of the plurality of "bits; 
outputting an electric signal to the transfer path, the 
electric signal expressing a combination of the plurality 
of parameters having the values as set in the assigning { Parameter ^(binq y)! 

step; receiving the electric signal from the transfer path A2 — < -j [Current omounT 
and extracting the plurality of parameters from the elec- 
tric signal; and detecting the respective values of the {parameter Rs(binaf>)i 
plurality of parameters. ^ 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION: 

[0001] The present invention relates to a signal transfer method for transferring multi-bit signals over a transfer path 
which is allocated to one bit. 

2. DESCRIPTION OF THE RELATED ART: 

[00021 Conventionally, two signal lines are employed for transferring signals having values of "0" or "1". At the trans- 
mission end of the transfer path, voltages which are selected in accordance with a particular value of a signal for trans- 
mission are applied to the two respective signal lines. At the receiving end of the transfer path, the difference between 
the voltage which is applied to one of the signal lines and the voltage which is applied to the other signal line ,s detected. 
For example if the detected difference is larger than a predetermined voltage value, the received signal may be deter- 
mined as having the value "1". and if the detected difference is smaller than the predetermined voltage value, the 
received signal may be determined as having the value "0". Such a pair of signal lines is usually referred to differential 

signal lines. . „ . • . 

[0003] As a method for transferring a signal which may take one of three or more values (hereinafter such a sgnal 
will be referred to as a "multi-value signal) over such a pair of differential signal lines, a method is known in which the 
range between a voltage corresponding to the "0" value and a voltage corresponding to the "1" value is divided into a 
plurality of regions, for example. According to this method, any values other than "0" or "V can be assigned to the 
respective divided regions. , 
[0004] However the aforementioned conventional method for transferring multi-value signals, which involves divid- 
ing a range between a voltage corresponding to the "0" value and the voltage corresponding to the "1" value intc .a plu- 
rality of regions, can only provide a small margin for the determination of signal values at the receiving end. This 
increases the likelihood of misdetecting signal values at the receiving end. 

SUMMARY OF THE INVENTION 

[0005] According to the present invention, there is provided a signal transfer method for transferring a multi-bit sig- 
nal over a transfer path which is allocated to one bit. including the steps of: respectively assigning a plurality of param- 
eters for a plurality of bits so that a value representing "0" or a value representing "1" is set to each of the plurality of 
parameters in accordance with a value of a corresponding one of the plurality of bits; outputting an electric signal to the 
transfer path, the electric signal expressing a combination of the plurality of parameters having the values as set m the 
assigning step; receiving the electric signal from the transfer path and extracting the plurality of parameters from the 
electric signal; and detecting the respective values of the plurality of parameters. 

[00061 In one embodiment of the invention, the plurality of parameters include: a first parameter indicating a direc- 
tion of an electric current flowing through the transfer path: a second parameter indicating an amount of electric current 
flowing through the transfer path: and a third parameter indicating a balance between an amount of electric current flow- 
ing out to the transfer path and an amount of electric current flowing in from the transfer path. 
[0007] In another embodiment of the invention, the transfer path is a pair of differential signal lines. 
[0008] According to the present invention, an electric signal which express a combination of a plurality of parame- 
ters each parameter having a value representing "0" or "1", is output to a transfer path, and the electrical signal ,s 
received from the transfer path. The plurality of parameters are extracted from the received electric signal so that the 
values of the respective parameters can be detected. 

[0009] Thus at the transmission end. a multi-bit signal is encoded into an electric signal that can be transferred 
over a transfer path which is allocated to one bit. At th. receiving end. the electric signal which has been received via 
the transfer path is decoded into a multi-bit signal. As ■. -«ult. it is possible to transfer a signal having multiple values 
over a transfer path which is allocated to one bit. 

[0010] Thus the invention described herein make- : -ble the advantage of providing a signal transfer method for 
transferring multi-value signals over a transfer path wh . abated to one bit without increasing the likelihood of mis- 
detecting signal values at the receiving end. ....... 

[0011] This and other advantages of the preserr : •- me apparent to those skilled .n the art upon 

reading and understanding the following detailed de- • ■ • e to the accompanying figures 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

5 Figure 1 is a schematic block diagram illustrating the structure of a signal transfer system 1 for implementing the 

signal transfer method according to the present invention. 

Figure 2 is a more detailed block diagram illustrating the structure of the signal transfer system 1 . 

w Figures 3A and 3B are circuit diagrams illustrating an example structure of a current direction switching circuit 132 
according to the present invention. 

Figures 4A and 4B are circuit diagrams illustrating an example structure of a common current compensation circuit 
252 according to the present invention. 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0013] Hereinafter, the present invention will be described by way of examples, with reference to the accompanying 
figures. 

20 [0014] Figure 1 is a schematic block diagram illustrating the structure of a signal transfer system 1 for implementing 
the signal transfer method according to the present invention. 

[001 5] The signal transfer system 1 includes a transmitter 10, a receiver 20, and a transfer path 30 which connects 
the transmitter 10 to the receiver 20. The transfer path 30 is allocated to one bit. 

[0016] in the example shown in Figure 1, the transfer path 30 is illustrated as including signal lines 30a and 30b. 
25 The signal lines 30a and 30b may also be referred to as "differential signal lines". 

[0017] The transmitter 10 receives a 3-bit signal (A 1( A 2 . A 3 ). The 3-bit signal (A 1( A 2 . A 3 ) can express eight (= 2 
x2x2) different values. 

[0018] The transmitter 10 includes an encoder section 10a for encoding the 3-bit signal (A 1( A 2 . A 3 ) into an electric 
signal that can be transferred over the transfer path 30, which is allocated to one bit. 

30 [0019] The bits A v A 2 , A 3 are respectively assigned to parameters pertaining to different electrical characteristics. 
For example, the bit At may be assigned to a parameter P : which represents the direction of an electric current flowing 
through the transfer path 30 (hereinafter simply referred to as a "current direction"); the bit A 2 may be assigned to a 
parameter P 2 which represents the amount of electric current flowing out to the transfer path 30 (hereinafter simply 
referred to as a "current amount"); and the bit A 3 may be assigned to a parameter P 3 which represents the balance 

35 between the amount of electric current flowing out to the transfer path 30 and the amount of electric current flowing in 
from the transfer path 30 (hereinafter simply referred to as a "current balance"). 
[0020] Each of the parameters P 1( P 2 . P 3 takes a value representing "0" or "1". 

[0021] The relationship between the values of the parameter P-, and the current direction may be defined as shown 
in Table 1 below: 

40 



Table 1 



value of 
parameter Pi 


current direction 


-o- 


(signal line 30a -* decoder 
^ section 20a -* signal line 30b) 


tt 1 N 


(signal line 30b -+ decoder 
— ' • section 20a signal line 30a) 



55 [0022] In other words, when a current flows in the transfer path 30 in the clockwise direction (i.e.. in the order of the 
signal line 30a -* the decoder section 20a-* the signal line 30b). the parameter P, takes the "0" value. When a current 
flows in the transfer path 30 in the counterclockwise direction (i.e.. in the order of the signal line 30b — ttv* -i^coder sec- 
tion 20a-> the signal line 30a), the parameter take^ the "1" value ' 
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[0023] The relationship between the values of the parameter P 2 and the current amount may be defined as shown 
in Table 2 below: 



10 
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Table 2 



value of parameter P 2 


current amount 


"0" 


small (e.g., 5 mA) 


"1" 


large (e.g.. 5.25 mA) 



[0024] In other words, when the amount of current which flows out to the transfer path 30 is relatively small (e.g., 5 
mA), the parameter P 2 takes the "0" value. When the amount of current which flows out to the transfer path 30 is rela- 
tively large (e.g., 5.25 mA), the parameter P 2 takes the "1" value. 

[0025] The relationship between the values of the parameter P 3 and the current balance may be defined as shown 
in Table 3 below: 



Table 3 



20 



25 



30 



35 



40 



45 



50 



55 



value of parameter P 3 


current balance 


"0" 


amount of current flowing out = amount of current flowing in 


"1" 


amount of current flowing out * amount of current flowing in 



[0026] In other words, when the amount of current flowing out to the transfer path 30 is equal to the amount of cur- 
rent flowing in from the transfer path 30, the parameter P 3 takes the "0" value. When the amount of current flowing out 
to the transfer path 30 is not equal to the amount of current flowing in from the transfer path 30, the parameter P 3 takes 
the "1" value. 

[0027] The encoder section 10a sets the values of the parameter P, to P 3 in accordance with the values of the bits 
A 1( A 2 . A 3 , and outputs an electric signal which expresses a combination of the parameters P 1( P 2 . P3 to the transfer 
path 30. 

[0028] For example, if (A,. A 2 , A 3 ) = (0, 1, 1). the encoder section 10a sets the values of parameters P 1t P 2 . and 
P 3 such that (P 1( P 2 , P 3 ) = (0, 1. 1). and outputs an electric signal which expresses this combination of parameters P 1( 
P 2 . P3 to the transfer path 30. In this case, the electric signal which is output to the transfer path 30 is an electric signal 
which flows in the clockwise current direction (P^ = "0"), and which has a large current amount (P 2 = "I"), such that the 
amount of current flowing out to the transfer path 30 is not equal to the amount of current flowing in from the transfer 
path30(P 3 = 'T). 

[0029] Thus, the encoder section 1 0a encodes the 3-bit signal ^ , A 2 , A 3 ) into an electric signal that can be trans- 
ferred over the transfer path 30, which is allocated to one bit. The resultant electric signal is output to the transfer path 
30. 

[0030] The receiver 20 includes a decoder section 20a for receiving the electric signal from the transfer path 30 and 
decoding the electric signal into a 3-bit signal (B^ B 2 , B 3 ). Such decoding is achieved by extracting the parameters P v 
P 2 , and P 3 from the electric signal and detecting the respective values of the parameters P 1f P 2 , and P 3 . 
[0031] Figure 2 is a more detailed block diagram illustrating the structure of the signal transfer, system 1. 
[0032] In the transmitter 10, the encoder section 10a includes a converter circuit 10b for converting the 3-bit signal 
(At , A 2 , A 3 ) into a set of control signals (S^ S 2 . S 3 ). and an electric signal output circuit 10c for generating an electric 
signal in accordance with the set of control signals (S, . S 2 , S 3 .) and outputting the generated electric signal to the trans- 
fer path 30. 

[0033] The electric signal output circuit 10c includes a constant current source 112 (+5 mA) and a constant current 
source 114 (+0.25 mA). One end of the constant current source 112 is coupled to a source potential, and the other end 
of the constant current source 112 is coupled to the signal tine 130a. One end of the constant current source 114 is 
coupled to the source potential, and the other end of the constant current source 114 is coupled to the signal line 130a 
via a switch 116. The signal line 130a is coupled to a current direction switching circuit 132. The source potential may 
be about 3.0 V, for example. 

[0034] ■ The switch 116 is turned on and off in accordance with the control signal S 1( which is output from the con- 
verter circuit 10b. If the control signal S, has the "1" value, the switch 1 16 is turned on. If the control signal S 1 has the 
"0" value, the switch 116 is turned off. 
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[0035] The electric signal output circuit 10c further includes a constant current source 122 (-5 mA) and a constant 
current source"124 (-0.25 mA). One end of the constant current source 122 is coupled to a ground potential, and the 
other end of the constant current source 122 is coupled to the signal line 130b. One end of the constant current source 
124 is coupled to the ground potential, and the other end of the constant current source 124 is coupled to the signal line 
5 130b via a switch 126. The signal line 130b is coupled to the current direction switching circuit 132, The ground poten- 
tial may be about 0 V, for example. 

[0036] The switch 126 is turned on and off in accordance with the control signal S 2 , which is output from the con- 
verter circuit 10b. If the control signal S 2 has the "1" value, the switch 126 is turned on. If the control signal S 2 has the 
"0" value, the switch 126 is turned off. 

10 [0037] The current direction switching circuit 132 in the electric signal output circuit 10c switches the direction of 
the current which flows through the transfer path 30 (i.e., the signal lines 30a and 30b) in accordance with the control 
signal S 3 which is output from the converter circuit 10b. 
* [0038] When the signal S 3 takes the "0" value, the current direction switching circuit 132 electrically couples the sig- 
nal line 130a to the signal line 30a, and couples the signal line 130b to the signal line 30b. As a result, the current which 

is flows out from the constant current sources 112 and 114 flows in the clockwise direction (i.e., in the order of the signal 
line 130a -* the signal line 30a -> the receiver 20 -» the signal line 30b the signal line 130b). 
[0039] When the signal S 3 takes the "1" value, the current direction switching circuit 132 electrically couples the sig- 
nal line 130a to the signal line 30b, and couples the signal line 130b to the signal line 30a. As a result, the current which 
flows out from the constant current sources 112 and 114 flow in the counterclockwise direction (i.e., in the order of the 

20 signal line 130a the signal line 30b the receiver 20 the signal line 30a the signal line 130b). 
[0040] Table 4 illustrates the logical operations performed by the converter circuit 10b. 



Table 4 



Ai 


A 2 


A 3 


Si 


$2 


s 3 


0 


0 


0 


0 


0 


0 


0 


0 


1 


.0 


1 


0 


0 


1 


0 


1 


1 


0 


0 


1 


1 


1 


0 


0 


1 


0 


0 


0 


0 


1 


1 


0 


1 


0 


1 


1 


1 


1 


0 


1 


1 


1 


1 


1 


1 


1 


0 


1 



40 [0041] The logical operations illustrated in Table 4 can be realized based on the logical formulae shown in eq. 1. 
The converter circuit 1 0b can be implemented by any logic circuit which satisfies the logical formula expressed by eq. 1 : 

S^Aj eq.1 

45 ' S 2 = A 3 (if A 2 = "0") 

= /A 3 (if A 2 = "1") 

S 3 = A 1 



[0042] In eq. 1 , /A 3 means a logical NOT of A 3 . 

[0043] Arrow A r shown in Figure 2 shows the flow of an electric signal which results from encoding the 3-bit signal 
(A 1 .A 2 .A 3 ) = (0,1,1). 

55 [0044] According to Table 4, the 3-bit signal (A r A 2 . A 3 ) = (0. 1. 1) is converted into a set of control signals (.S 1t S 2 . 
S 3 )=(1,0,0) by the converter circuit 10b. As a result, the control signal S } turns on the switch 116, and the control signal 
S 2 turns off the switch 126. The control signal S 3 controls the current direction switching circuit 132 so that an electric 
current will flow through the transfer path 30 in the clockwise direction. As a result, the current from the constant current 
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sources 112 and 114 (+5.25 mA) flows through the signal line 30a from the transmitter 10 to the receiver 20. Moreover 
a current (-5 mA) flow through the signal line 30b from the receiver 20 to the transmitter 10. so as to be drawn ,nto the 
cons" ^t urrTntCce 122. The difference (+0.25 mA) between the current flowing through the signal me 30a (+5.2 
mA) Ind the c U ,ent flowing through the signal line 30b (-5 mA) is compensated for by a common current compensate 
circuit 252 in the receiver 20. . . 

[0045] Thus, by encoding the 3-bit signal (A,, A 2 , A3) = (0, 1, 1) in the above-described manner an , electnc ; signal 
s output to the transfer path 30 which flows therethrough in the clockwise current direction (P, = 0 ). and which has a 
iS^ntlLnt (5 P 25 mA) flowing out thereto (P 2 = "1"), such that the amount of current £ 25 mA i flowing out 
the transfer path 30 is not equal to the amount of current (5 mA) flowing ,n rom the trans er path 30 (P, - 1 ) Th,s 
electric signal is an electric signal which expresses a combination of parameters such hat (P,, P 2 , P 3 ) - 0. i- • 
jfiSSS Figures 3A and 3B are circuit diagrams illustrating an example structure of the current directs switching 
circuit 132. The current direction switching circuit 132 includes transistors 132a to132d. 

[0047] in Figure 3A, arrows A r1 and A r2 show the current path in the case where the control signal S 3 takes the 0 
Oa^e When the control signal S 3 takes the "0" value, the transistors 132a and 132d are turned on. As a result he s,g- 
na. LTlSOa and 30a a^e electrically interconnected, and the signal lines 130b and 30b are electncally intercon- 

[0048] In Figure 3B, arrows A r3 and A r4 show the current path in the case where the control signal S 3 takes the "1" 
ah.e Whe the control signal S 3 takes the "1" value, the transistors 132b and 132c are turned on. As a result, th sig- 
nal Ls 130a and 30b a'e electrically interconnected, and the signal lines 130b and 30a are electrically intercon- 

20 WW With reference to Figure 2, the decoding section 20a in the receiver 20 

uit 20c for receiving an electric signal from the transfer path 30 and generating outpu t v ol tag, » to V* « accord- 
ance with the received electric signal, and a converter circuit 20b for converting the set of output voltages (V c1 . V c2 , V c3 , 

25 [0 C 0 4 50, C5) arcuit 20c includes a constant current source 212 (+5,25 mA). constant current 
25 luuouj meeiev,L y K resistors 242 244, 246, and 248, as well as a corn- 

source 214 (-5.125 mA). comparators 222, 224, 226, 228, ana zju, resistors * . 

mon current compensation circuit 252. ^renHnfthAron- 
[0051] One end of the constant current source 212 is coupled to a source potential and the 0 end of the con 
stent current source 212 is coupled to the common current compensation circuit 252 via the res.stor 246 One end of 

eons", current source 214, coupled to a ground potential, and the other end of the 
is coupled to the common current compensation circuit 252 via the resistor 248. The source potential may be about 3.0 
V for example The ground potential may be about 0 V, for example. 

[00521 One end of the resistor 242 is coupled to the signal line 30a, and the other end of the res.stor 242 is coupled 
o he resisto 244 and the common current compensation circuit 252. One end of the resistor 244 ,s coupled to Ohe , 
nal line 30b and the other end of the resistor 244 is coupled to the resistor 242 and the common current compensate 
circuit 252. The resistors 242 and 244 may each have a resistance of about 50ti for example. 
[0053] Each of the comparators 222, 224. 226, 228, and 230 has a+ input terminal and a - input *™^*™*r 
age which is input at the + input terminal is lower than the voltage input at the - input terminal, each compare or ^ou puts 
a signal representing the "0" value. If the voltage which is input at the + input terminal ,s h,gher than the voltage input 
at the - input terminal each comparator outputs a signal representing the 1 value. 

POM] The Zp ar ator 230 is used for detecting the value of the parameter P, (current direction). The comparator 

^^^Z^^ 224 are used for detecting the value of the parameter P 2 (current amount) and the 
parameter ^current balance) in the case where an electric current is flowing through the transfer path 30 in t e ctock- 
SS^ctoi The comparator 222 outputs the output voltage V c1 . and the comparator 224 outputs the output voltage 

P056] The comparators 226 and 228 are used for detecting the value of the parameter P 2 (current < jmount) and the 
parameter P 3 (current balance) in the case where an electric current is flowing through the transfer pa th 30 m the coun- 
terclockwise direction. The comparator 226 outputs the output voltage V c3 , and the comparator 228 outputs the output 

50 poll] ^The common current compensation circuit 252 compensates for the difference between the current flowing 
through the signal line 30a and the current flowing through the signal line 30b. 

[0058] FoLample. in the case where an electric current of +5.25 mA is flowing through the s,g al 30. from 
he transmitter 10 to the receiver 20 and an electric current of -5 mA is flowing through the signal line 30b from the 
ZZ^toSLto* 10, an electric current of +0.25 mA is drawn into the common current comp«»^«ra,rt 
252. For another example, in the case where an electric current of +5 mA i. flowing throug the sigr »l tan. 30a ™ he 
transmitter 10 to the receiver 20 and an electric current of -5.25 mA is flowing through the s,gnal line 30b from the 
ece ve 0 o the transmitter 10. an electric current of -0 25 mA is discharged from the common current compensate 
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circuit 252. 

[0059] Figures 4A and 4B are circuit diagrams illustrating an example structure of the common current compensa- 
tion circuit 252. Figure 4A illustrates an electric current of +0.25 mA being drawn into the common current compensa- 
tion circuit 252. Figure 4B illustrates an electric current of -0.25 mA being discharged from the common current 
5 compensation circuit 252. 

[0060] Table 5 illustrates the logical operations performed by the converter circuit 20b. 



Table 5 
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25 [0061] The logical operations illustrated in Table 5 can be realized based on the logical formulae shown in eq. 2. 
The converter circuit 20b can be implemented by any logic circuit which satisfies the logical formula expressed by eq. 2: 

Bl =V c5 eq.2 

30 B 2 =V C1 (ifV c5 ="0") 

= V c3 (ifV c5 = 'T) 

B 3 = V c2 (if V c5 = "0" and if V c1 ="0") 
= /V c2 (ifV c5 = "0"andifV c1 ="1") 
35 =V o4 (ifV c5 = -randifV C 3 = -0") 

= A/ c4 (ifV c5 = "1"and ifV c3 = T') 



[0062] In eq. 2. A/ c2 means a logical NOT of V c2 , and /V c4 means a logical NOT of V c4 . 
40 [0063] Thus, the decoder section 20a receives an electric signal from the transfer path 30 an.j decodes the 
received electric signal to generate a 3-bit signal (B v B 2 , B 3 ). 

[0064] For example, an electric signal expressing a combination of parameters (P 1( P 2 . P3) = (0, 1 1 s is decoded 
into a 3-bit signal (B 1( B 2 . B 3 ) = (0, 1. 1). The 3-bit signal (B v B 2 . B 3 ) is identical with the 3-bit signal ..A. A >. A 3 ). 
[0065] Thus, a 3-bit signal can be successfully transferred from the transmitter 10 to the receiver 20 * n the transfer 

45 path 30, which is allocated to one bit. 

[0066] Although a transfer of a 3-bit signal is illustrated in the above example, the present invention ^ not limited to 
such embodiments. An N-bit signal can be transferred by transferring an electric signal which express— ■ combination 
of N parameters via a transfer path which is allocated to one bit, where N is .an integer equal to or g:- :han 2. 
[0067] Any configuration of the transfer path 30 can be selected so long as the transfer path 30 ited to one 

50 bit. For example, the transfer path 30 may be composed of one signal line. 

[0068] In the above example, the parameter P 2 is illustrated, as indicating the amount of current r'ows out to 
the transfer path 30. Alternatively, the parameter P 2 may indicate the amount of current which flows - ■■• transfer 
path 30. 

[0069] According to the present invention, an electric signal which express a combination of a : . ' . * r. harne- 
ss ■ ters, each parameter having a value representing "0" or "1". is output to a transfer path, from which *■ - u signal 
is received. The plurality of parameters are extracted from the received electric signal so that the v = - -ac- 

tive parameters are detected. As a result, it is possible to transfer a multi-bit signal over a transf- " ^ -'lo- 

cated to one bit. 
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[0070] Various other modif,cat,ons will be apparent to and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. Accordingly, it is not intended that the ™»«toj*m* 
appended hereto be limited to the description as set forth herein, but rather that the cla.ms be broadly construed. . 

Claims 

1. A signal transfer method for transferring a multi-bit signal over a transfer path which is allocated to one bit. compris- 
ing the steps of: 

respectively assigning a plurality of parameters for a plurality of bits so that a value representing "0" or a value 
representing "1" is set to each of the plurality of parameters in accordance with a value of a corresponding one 

of the plurality of bits; „i,. r ,iit>, nf 

outputting an electric signal to the transfer path, the electric signal express.ng a combination of the plurality of 
parameters having the values as set in the assigning step; 

receiving the electric signal from the transfer path and extracting the plurality of parameters from the electric 
signal; and 

detecting the respective values of the plurality of parameters.^ 

2. A signal transfer method according to claim 1 . wherein the plurality of parameters comprise: a first parameter indi- 
cating a direction of an electric current flowing through the transfer path; a second parameter indicating an amoun 
of electric current flowing through the transfer path; and a third parameter indicating a balance between an amount 
of electric current flowing out to the transfer path and an amount of electric current flowing in from the transfer path . 

A signal transfer method according to claim 1 , wherein the transfer path is a pair of differential signal lines. 
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